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We. "Shell" Research Limited, a British 
company, of St Helen's Court, Great St. 
Helen's, London, E.C.3., do hrareby declare 
the Invention for whidi we pray that a 
5 patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement:— 
This invention relates to a process for the 

10 polymerisation of an ethylenically un- 
saturated oiganic compound which i$ con- 
ducted in an aqueous suspension. 

The radicaJ-additicm polymerisation of an 
ethylenically unsaturated oiganic compound 

15 is often conducted in a suspension or dis- - 
persion of the monomer m water. The 
resulting polymer is produced in the form of 
beads, that is as small particles of solid 
polym^, which are suspended in the aqueous 

20 dispersion, such processes are therefore 
sometimes termed "bead", suspension or 
dispersion polymerisations. When such a 
polymerisation process is complete the poly- 
mer obtained may be readily separated from 

Z5 the dispersion by filtering or centrifuging 
the formed polymer beads from the aqueous 
medium and these beads are then readily 
purified by a simple washing procedure. If 
desired, the polymer particles may subse- 

30 quently be further punfied by an extrusion 

grocess in which the polymer is melted, 
jroed through an extrusion dierhead where 
it solidifies and then cut into small polymer 
particles called "nibs" which are very suit- 
35 ably used in moulding procedures and 
similar proces^g . techniques. 
The advantages of a suspen sion polymeri- 



sation process over one conducted in an 
emulsion or as a mass polymerisation pro- 
cess are diat the resulting polymer is m a 40 
solid particulate form which particles are of 
high piuity and can be readily separated 
from the reaction mixture and proosssed. 
Moreover in such a process the temperature 
is readily controlled and heat transfer prob- 45 
lems are minimized. On the otiier hand an 
emulsion polymerisation has the disad- 
vantage that a polymer latex is obtained 
which must first be coagulated to give a 
solid polymer before this can be separated 5% 
from the surrounding medium, and a mass 
polymerisation process has the disadvantage 
that the resulting polymer is often found to 
contain an appreciable quantity of occluded 
monomer, which is only completely 55 
separated from the polymer with difficulty. 

The disadvantage of operating a suspen- 
sion polymerisation i)rocess is the difficulty 
of maintaining a satisl^ory dispersion of 
the monomer or reaction medium in the 60 
aqueous medium that is preventing die 
agglomeration of the dispersed polymer 
beads formed during the polymerisation 
reaction, and of obtaining such beads in a 
suitable size. Although the monomer can 65 
be kept suspended in the aqueous medium 
by vigorous stirring or otherwise agitating 
the. reaction mixture, this method does not 
give a stable suspension and it is necessary 
to use a suitable suspension stabiliser. Often 70 
this is a finely-divided solid which, when 
added to the reaction mixture, gives a stable 
suspension from which the solid does not 
settle out even if the mixture is only being 
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stirred at a slow rate. 

Various inorganic substances have been 
proposed as suspension stabilisers for use 
in die bead polymerisation of ethylenically 
5 unsaturated organic compounds. These in- 
clude, for example* talc, day, bariimi sul- 
phate and calcium phosphate and oxalate. 
^ Water-soluble organic stabilisers have also 
been used in sudi polymCTsation. For in- 

20 stance, polyvinyl alcohol has been found to 
give quite good results when used in a pro- 
cess for the suspension polymerisation of 
certain monomers, for example sQrrene; 
gelatine, fish-glue, pectin and salts of poly- 

15 acrylic acids and styrene-maleic anhydride 
copolymers have also been proposed for this 
purpose, but the use of starch and gelatine 
as suspension stabilisers for the polymerisa- 
tion of a solution of 6% by wei^t of a 

.20 rubbery butadiene-styrene copolymer in 
monomeric styrene has been found to give 
poor results. 

Therefore, as illustrated above in two 
particular instancy, the suspension stabili- 

25 sers of the prior art do not always give 
satisfactoiy results either in that the suspen- 
sion obtained is not stable throu^out the 
entire course of the polymerisation,' or that 
polymer beads of an inconvenientLy small 

30 size are sometimes obtained. For the latter 
purpose it is desirable to obtain beads which 
are of uniform partide size and as large as 
possible, in so rar as this is consistant with 
the greater purity normally obtained in 

35 beads of smaller size. There is a great variety 
of monomers which can be polymerised in 
a suspension process and the conditions for 
the polymerisation of each of such mono- 
mers vaiy to a great extent so that suspen- 

40 sion stabiliser wMch is eminently satisfactoiy 
for the polymerisation of one monomer 
under certain conditions may be quite un- 
suitable for pol5anerising the same or a 
different monomer under different conditions 

45 or a different monomer under the same con- 
ditions. It has therefore been a matter for 
considerable research to find alternative 
suspension stabilisers to those of the prior 
3iU which alternative stabilise in spedal 

50 circumstances yield results which are com- 
parable to or better than those obtained 
using the conventional stabilisers, for 
example those previously mentioned. 
It has now been discovered that the poly- 

55 merisation of an ethylenically unsaturated 
organic compound can be veiy suitably 
conducted in an aqueoiis suspension which 
is stabilised by the presence of a polyoxy- 
allg^lene oxide compound of high molecular 

60 weight. Such a polymerisation process pro- 
ceeds smoothly and is readily amenable to 
good temperature control. Furthermore the 
polymers are often produced in a hi^ state 
of purity and in beads of a very convenient 

65 size which may be quite substantial. Sudi 



a use for polyalkylene oxide compounds is 
quite distinct from the well-known use of 
low molecular weight polyalkylene ether 
gjycols and their derivatives as non-ionic 
emulsifying agents in polymerisation j^ro- 70 
cesses carried out in emi&sion as distinct 
from suspension or bead polymerisation 
processes. 

It has also been shown &at such a poly- 
alkylene oxide compound gives very 75 
advanta^ous results in a suspension poly- 
merisation reaction when used in conjunc- 
tion with a small amount of a surface-active 
agent, though the amount of surface-active 
agent used must not be so large that an 80 
emulsion polymerisation reaction would 
result Furthermore it has been found that 
the presence of a small qnanti^ of a water- 
soluble metal or ammonium halide in the 
aqueous medium in whidi a suspension 85 
polymerisation of the above-described kind 
IS to be conducted results in a reduced 
particle size of the polymer beads being 
obtained; this reduced particle size is often 
desirable in the interests of obtaining beads 90 
of high purity. 

Accordingly, the process of the present 
invention is one for the suspension poly- 
merisation of a normally water-insoluble 
ethylenically unsaturated orgam'c compound 95 
capable of radical-addition polymerisation 
by a suspension polymerisation process, 
which process comprises polymerising the 
organic compound in aqueous suspension in 
the presence as suspension stabiliser of a 100 
minor amount of a polyalkylene oxide com- 
pound as hereinafter defined having a 
molecular weight of at least 20,000 and, 
optionally, a surface-active agent, and/or a 
water-soluble metal or ammonium halide 105 
which is present in an amount not greater 
than 5% by weight based on the weight of 
water present. 

The polyalkylene oxide compound for 
use in the process of the present invention is 110- 
hereby defined as one that has been derived 
by polymerisation of an alkylene oxide or 
copolymerisation of a mixture of alkylene 
oxides. The term polyalkylene oxide com- 
pound is herein intended to extend not only 115 
to polyalkylene ether glycols but also to 
ethers and esters of such glycols. Thus, nor- 
mally, the polyalkylene oxide compound 
used will be one of the general formula 

XQ{RO)nX. 120 
where j&aph ,X*" represents hydrogen or an 
' allc^" aryl, acyl or aroyl group, each R 
represents a divalent aliphatic or substituted 
aliphatic group other than a methylene or 
substituted methylene group and n is an 125 
integer sufficiently large to give the poly- 
alkylene oxide compound a molecular weight 
of at least 20,000 (compounds of the above 
formula except that R is a methylene or 
substituted methylene group are more cor- 130 
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rectly designated as polyaldehydes or deriva- 
tives of polyformaJdehyde and, as such, their 
use is outside the scope of the present in- 
vention). Futhennore, if desired, the poly- 
5 allg^lene oxide compound may be one which 
has been derived, from a polyhydroxy 
nucleating agent by condensation of its 
hydroxy 1 groups with an alkylene oxide to 
' produce a polyalkylene oxide compound of 

10 the desired molecular weight; for instance 
a condensation product of the formula 
Hp(CH,.CKt.O)„ . QH* ; (O . CH^ . CH2)nOH 
whidi is derived from e^ylene oxide and 
a dihydroxy benzene sudi as hydroquinone 

15 or resordhol. It is of course possible to use 
as such a polyhydroxy nucleating agent a 
trihydroxy conipound such as glycerol, pyro- 
gallol. or a tetrahydioxy compound such as 
pentaerythritol. 

20 Preferred polyalkylene oxide compounds 
for use in the present invention are those 
derived from the homo- or co-polymerisa- 
tion of styrene oxide and lower alkylene 
oxides such as ethylene oxide; 1,2-propylene 

25 oxide; 1,3-propylene oxide; tetraiiydrofuran; 
and 1,2-butylene oxide; that is compounds 
of the general formula XO(R'0)nX where 
each X represents a hydrogen atom or an 
alkyl, atyl, aqyl or aroyl group, each R' 

30 represents a divalent aliphatic group having 
2 to 4 carbon atoms or an a-phenylethylene 
group and n is an integer si^&dently large 
to give the polyalicylene oxide compound a 
molecular weight of at least 20,000. The 

35 self- or inter-polymers of ethylene oxide 
and 1,2-propylene oxide are particularly 
usrful in the process of the invention. 

The polyalkylene oxide compounds for 
use in the present process have a minimum 

40 molecular weight of 20.000 and. as pre- 
viously explained, they may be polymeric 
glycols or mono- or di-ethers or esters 
thereof. However, the preferred compoxmds 
are poly^Ukylene oxides, that is polyalkylene 

45 ether glycols, having a molecular wei^t of 
200.000 to 3,000.000. Polyalkylene oxides, 
and particularly poljrethylene oxides, hav- 
ing a molecular weight of the order of 
400,000 are ^ecially suitable for the pre- 

50 sent process. Tlie limitation of the invention 
to the use of polyalkylene oxides having a 
molecular weight greater than 20,000 is an 
approximate one as the exact determination 
or the molecular weight of any^ particular 

55 sample of a polyalkylene oxide is not readily 
made. Furthermore any such molecular 
weijght determination gives an average value 
whidi may vary to a small degree depend- 
ing upon the molecular weight determina- 

U) tion method use. However, the hi^ molecu- 
lar weight polyalkylene oxides used in the 
present invention constitute a readily recog- 
nisable class of compounds quite distinguish- 
able from the polyalkylene oxide compounds, 

65 hitherto commercially available, that have 



molecular weights of the order of not more 
than a few thousand. The molecular weights 
of such low molecular weight compounds 
are readily determined from measurements 
of their hydroxyl number, but the hi^ 70 
molecular weight polyalkylene oxides have 
too low a hydroxyl number to enable an 
accurate determination of their, molecular 
weight to be made by this method. 

The molecular wei^t of the polyallg^lene 75 
oxide used in the present invention ma^ be 
determined by any of the conventional 
methods used for determination of the 
molecular weights of polymeric materids 
of high molecular weignt, for example by 80 
osmometry or by viscOmetiy. The molecu- 
lar weight of a sample of a polyethylene 
oxide is readily determinable by measure- 
ment of the intrinsic viscosity at 35''C of a 
0.1% solution of the compound in water 85 
and using the following conversion factor 
given in The Journal of Applied Polymer 
Science. Volume, no. 1, page 60. namely: 

IV = 6.4 X 10-5M0-82 
where I.V. is the intrinsic viscosity of the 90 
polyethylene oxide at 35®C and M is its 
average molecular weight; the molecular 
weights of the various polyethylene oxides 
used in the following Examples have been 
determined by this method and by making 95 
use of the above relation between intrinsic 
viscosity and molecular weight. 

Polyalkylene oxides of molecular weight 
above 20,000 may be prepared from the 
monomeric compoimds m several different 100 
ways. For instance, alkylene oxides may be 
polymerised to produce these high molecu- 
lar weight polymers in the presence of 
catalysts of various types, which include, 
among others, alkoxides and aroxides of 105 
metals from Groups 2 to 5 of the Periodic 
Table of elements; metal alkyls and metal 
alkyl halides derived from metals of Group 
2 and 3 of the Periodic Table and Friedel- 
Crafts catalyst complexes such as complexes 110 
of the alkylene oxide with ferric or stannic . 
chloride. It has also been proposed to use 
as catalysts for the polymerisation of 
alkylene oxides certain synergistic combina- 
tions of the catalysts described above. The 115 
mono- or di-ethers and esters of the poly- 
alkylene oxides may be prepared from the 
polyalkylene oxides themselves, that is the 
polyalkylene ether glycols, in the conven- 
tional manner. 120 

The polyalkylene oxide compounds which 
find use in the present invention are solid 
materials whidi have only a limited solu- 
bility in water. It is believed that some 
solubility of the polyalkylene oxide com- 125 
pound in water is desirable and accordingly . 
a polyethylene oxide is the preferred sus- 
pension stabiliser of the invention, as such 
a compound has a greater solubility in water 
than a polypropylene or higher oxide. 130 
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The amount of polyalkylene oxide com- 
pound required to give a stable dispersion 
of the monomer in water depends upon the 
nature of the monomer and the conditions 
5 to whic^ the disj^rsion is to be subjected. It 
is of course desirable to use die minimum 
amount of polyallcylene oxide compound 
necessary to give a stable suspension of the 
monomer in the aqueous mediimi as there 
10 is then less risk of contamination of the 
formed poljrmer by the excess suspending 
agent, that is the polyalkylene oxide com- 
pound, and polymer beads of larger size 
are also more likely to be obtained. An 
:1S amount of polyalkylene oxide compound 
between 0.1 and 5%, and particularly be- 
tween 0.3 and 1%, by weight based on the 
monomer has been found to be particularly 
suitable for the purposes of the invention. 
20 However, the optimimi amount of poly- 
alkylene oxide is in some ways dependent 
on its molecular weight and if this is not of 
the preferred order, it may be necessary to 
use a slightly higher proportion of the poly- 
25 alkylene oxide. The mni i mum amount of 
polyallQrlene oxide whidi gives completely 
satisfactory dispersion of tiie monomer or 
monomers in the aqueous medium llirough* 
out the course of the polymerisation and 
30 at the same time results in the ready pro- 
duction of beads of suitable purity and size 
can readily be found &om the results of a 
few small scale tests. In most cases an 
amount of about 0.5% by weight of the 
35 monomer will be found to be eminently 
suitable, though in particularly favourable 
cases an amount of 0.3% may well suffice. 
If desired the polyalkylene oxide compounds 
can be used in conjunction with the sus- 
40 pension stabilisers of the prior art 

Often, it may be desirable to use a small 
amount of a surface-active agent, that is to 
say an emidsifyii^ agent for the mononier, 
in conjunction with the polyalkylene oxide 
A5 compound as thereby the amount of poly- 
alkylene oxide compound required may be 
reduced and good reproducible results are 
then normally obtained. However, the sur- 
foce-active agtat must not be present in an 
.50 amount which would cause an emulsion poly- 
merisation reaction to occur, that is to say the 
polymer product must still be obtained in 
the form of polymer beads and not in latex 
form as in the case of an emulsion poly- 
.55 merisation reaction. Thus normally the sur- 
face-active agent will not be present in an 
amount by weight greater than that of 'the 
polyalkylene oxide compound. Preferably 
an amount of surface-active agent of from 
60 5 to 15% by weight of polyalkylene oxide 
compound is used in conjunction with the 
polyalkylene oxide compound present as 
suspension stabiliser and an amount of from 
8 to 12% is especially useful. 
65 The surface-active agent may be an 



anionic, cationic or non-ionic suiface-active 
agent, but ionic, especially anionic, agents 
are prefened. Thus there can very con- 
veniently be used an alkali metal salt of a 
long chain fat^ carboxylic acid such as 7G 
stearic, palmitic or oleic add as well as 
rosin acid soaps and alkali metal salts of 
all^laiyl sulphonic acids and alkyl-sulphuric 
and -sulphonic acids; the alkali metal BXkyU 
aryl sulphonates. particularly the dodec^l- 75 
benzene sulphonates. are especially useful 
in the process of the present invention. As 
cationic surface-active agents there may be 
used, for example, cet^lpyrldinium bromide 
and octadecylammonium chloride. Non- 80 
ionic surface-active agents may also be em- 
ployed, for instance low molecular weight 
polyalkylene oxide com]}ounds which have 
been mono-etherified with an alcohol or 
phenol, for example condensates of ethylene 85 
oxide and cetyl alcoHol or octyl phenol, or 
mono-esterifiied with a carboxylic acid such 
as oleic add. Mixtures of two or more 
suiface-active agents can be used if desired. 

The monomer to be polymerised is one 90 
which is normally insoluble in water and 
capable of ladical-addidon polymerisation 
by a suspension polymerisation process, 
llius the process of the invention finds par- 
ticular application in the suspension poly- 95 
merisation of styrene and vinyl chloride. 
However, the process may also be used to 
poljmierise vinyl-aromatic compounds in 
general, that is to polymerise, for example, 
vinyl toluene, divinyl benzene, a-methyl IQO 
styrene and nudear halogenated styrenes, 
as well as mixtures of one or more of such 
vinyl aromatic compounds including styrene 
with one or more conjugated dienes such as 
butadiene, isoprene. chloroprene, 2,3-di- 105 
methyl-butadiene and piperylene to form 
resinous copolymers. EthylenicaUy un- 
saturated organic compounds which are not 
hydrocarbons may also be polymerised by 
the process of the invention. Thus, for IIC 
instance, besides vinyl chloride whidi is 
particularly suitably polymerised by the 
present process, there may be polymerised 
vinylldene chloride, aaylonitrile and the 
lower alkyl esters of acrylic and methacrylic 115 
acids, that is those in which the alkyl group 
contains not more than four carbon atoms, 
for example methyl, methaciylate and ethyl 
acrylate. JNlixtures of two or more ethy- 
lenically unsaturated organic compounds 120 
may of course be copolymerised and the 
process of the invention is particularly 
suited to the production of graft copoly- 
mers by the polymerisation of one or more 
monomers in the presence of a preformed 125 
polymer or copolymer. For instance, there 
may be produced by the process of the 
invention a modified or toughened poly- 
styrene having a high impact strength by 
polymerising styrene in the presence of a 130 
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preformed sulphur - vulcanisable rubbery 
polymer such asi for example, polybutadiene, 
polyisoprene. a nibben^ butadiene^styrene 
or butadiene-acryldnitrile copolymer or in 

5 the presehee of a natural rubier material, 
Sudi preformed polymers can of course 
have been previously prepared by any suit- 
able polymerisation process and, if desired, 
the preformed polymers can comprise the 

10 stereo-specific polydienes such as cis-1,4- 
isoprene or cis- or trans-l,4-polybutadiene 
or the elastomeric ethylene-propylene co- 
polymers. 

U desired, the monomer or monomers 

15 to be polymerised can be subjected to a 
pre-polymerisation step carded out as a 
mass polymedsation and fhen the partially 
polynierised pre>-polyixier prodticed is sus- 
pended in an aqueous medium using one 

"20 of the specified polyal^lene ojdde com- 
pounds as the sd^nsion stabfliser, if 
desired in the presence of a surface-active 
BgeaU and the polymerisation completed by 
the process of the invention. If desired, in 

25 saeh a process a further quantity of mcmo- 
mer can be added to the dispersion during 
a modified polystyrene material of high 
impact strength may be very advantageously 
obtain^ by subjecting a solution of a 

30 rubbery sQrene-butadiene copolymer in 
monomeric styrene to a pre-polymerisation 
stage by heating the mixture m the absence 
of water, if necessary in the presence of a 

Eeroxide initiator, until approximately 15% 
y wd^t of the monomeric styrerLe has 
polymerised. The mixture is then dispersed 
m approximately an equal volume of water, 
the polyalkylene oxide added as suspension 
stabiliser and the dispersion then iaigitated 
40 and subjected to pol^erisihg conditions. 
There are obtained beads of a high-impact 
polystvrene which are readily separated by 
centriiu^ng the reaction mixture. 
In the preferred embodiment of the in- 
45 vention, as outlined immedi^ly above, there 
may conveniently be used a pre-polymerisa- 
tion stage which is sufficient to polymerise 
from 5 to 40%, particularly from 10 to 25% 
and especially from 15 to 20% by weight of 
50 the monomer. Such a pre-polymerisation 
stage is carried out in the absence of water, 
but there may be present conventional addi- 
tives such as iadical-addition polymerisation 
initiators; for example, peroxy compounds 
55 such as benzoyl or lauiyl peroxide, tert.-butyl 
pe^enzoate, cumyl hydroperoxide, or azo 
compounds such as azo-bis-isobutyronitrile 
or azo-bis-Q^dohexane carbonitrile; chain 
transfer agents, for example tert.-dodecyl 
% ihi&rcaptan; lubricants such as bu^l stearate 
and glycerol mono-stearate, and other addi- 
tives such as. for example, antioxidants and 
fillezs. The pte-polymerisatbn stage can, if 
desii:4£d; b& carried out m die absence df h 
65 radical-dddilion Mitiator, the polymeri^^ 



tioti being initiated by ionizing radiation, 
ultra-violet light or simply by heating the 
reaction mixture to a suitable temperature. 

When the pteferred embodiinent of the 
invention is used to prepare a high impact 70 
polystyrene it is convenient to dissolve a 
proportion, usually between 3 and 40% ahd 
particularly between 5 and 10%, of a rub- 
bery polymer in the monomeric styrene, to 
subject this solution to a pre-polymerisation 75 
step and then to disperse the prerpolymerised 
mass in water witii the aid of the poly- 
alkylene oxide suspension stabiliser before 
completing the polymerisation reaction as 
a suspension process. The rubber is very 80- 
suitably a styrene-butadiene copolymer of 
the GR-S type, that is one prepared from 
60-90% by weight of butadiene and 40 to 
10% of sfyrenej though there may also be 
used rubbery butadiene-^aciylonitrile copoly- 85 
mers, polybutadiene, polyisoprene or natural 
rubber, as well as the stereospecnfic polymers 
such as ds- l,4-po]yis(^rene, cts- or trans- 
1,4-poly butadiene or an elastomeric ethy- 
lene-propylene copolymer. If necessary the 90 
rubber may contain a small amount of an 
antioxidant or other antidegredant. 

When a pre-polymerisation stage is used, 
the mass polymerisation is interrupted after a 
suitable polymerisation time and the par- 95 
tially polymerised mass then disfwrsed in an 
aqueous medium. This is usually water, 
but if desired it can be an aqueous solution 
of a suitable salt Normally it is desmible 
to disperse the pre-polymerised mass in the 100 
ratio of 1 part of pre-polymer to between 
0.5 and 5 parts by volume of water, though 
smaller or larger ratios can be used; par- 
ticularly good results are achieved when the 
pre-polymerised mass is dispersed in 105 
approximately an equal volume of water. 
When jao^ pre-polymerisation stage is used 
it 'wiU be found very suitable to disperse 
the monomer in from 1 to 5 parts by weigjit 
of water. Thus when vinyl chloride is poly- no 
merised by the process of the mvention it is 
very convenient to disperse the monomer in 
about 2.5 parts by weight of water. 

The suspension process of the invention 
is normally carried out in the presence of 115 
a radical-addition polymerisation initiator 
such as an organic peroxide or hydro- 
peroxide or an aliphatic or cyclo-aliphatic 
azo compound. It is usual td stir die reaction 
nuxture during the polymerisation process, 120 
which is preferably conducted in an inert 
atmosphere, for example under nitrogen or 
hydrogen, in order to avoid tiie deleterious 
effecte which may result when radical- 
addition polymerisations are conducted in |25 
the presence of air or oxygen. It is there- 
fore desirable to piage the suspension before 
subjecting it to polymerising conditions with 
a stream ^ an inert gas, such as hitrogen. 
If desined, there may be incofporaled in the 130 
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suspension other materials such as cbaiii* 
transfer agents, for example, tert-dodecyl 
mercaptan, lubdcants such as, for example, 
stearic add or bu^l steaxate and anti- 
5 oxidants such as, for example, 2-terL-batyl- 
4-methyl phenol, styreneated cesordnol. tiis- 
(non^-phenj^l) jihospbite and N-substituted 
phenylene diammes. 
The process of the invention may be con- 
10 ducted at the usual temperature for suspen- 
sion polymerisation processes. Often this 
will be between 50 **C and 100 **C. though 
higher or lower temperatures can be em- 
ployed where necessary. When temperatures 
15 which are in excess of the boiling point of 
the monomer are employed it will be neces- 
sary to conduct the polymerisation in a 
pressurized reactor to prevent loss of the 
monomer by evaporation. It is then highly 
20 desirable to pressurize the reactor with an 
inert gas such as nitrogen in 4>rder to pre- 
vent £e polymerisation reaction fiom being 
affected by the presence of oxygen in the 
reaction system Alternatively, the monomer 
25 may be suitably pol^erised in a closed 
reactor under autogenic pressure at a suit- 
able temperature, for example, vinyl chloride 
may be so polymerised at a temperature of 
approximately 50 and styrene at a 
30 temperature up to about 130 °C, though in 
this case it is usual to commence the poly- 
merisation at a temperature below 100 
. and raise it to a figure above 100 **C only 

in the later stages of the reaction. 
35 The aqueous suspension in which the 
process of the invention is conducted should, 
prrferably, have a controlled pH as varia- 
tions in the acidity and alkalinity of the 
reaction mixtur& often have a considerable 
-40 effect on the rate of polymerisation and the 
effectiveness of the suspension stabiliser. 
Furthermore, it is found that the poly- 
alkylene oxide compound -used as suspen-' 
sion stabiliser tends to be unstable in an 
45 addic medium. Thus it is desirable that the 
reaction mixture should be maintained 
within a pH of 7 to 11. It is particularly 
found that control of pH becomes more 
important as the amount of polyalkylene 
' 50 oxide compound is decreased and, if desired, 
control of pH may in many cases be obviated 
by the use of larger quantities of the stabili- 
ser, though if possible an excess of the poly- 
allqrlene oxide compound is desirably 
55 avoided, as previously explained. The 
alkalinity of the reaction mixture can be 
suitably maintained by the addition of a 
buffer compound; for example small quanti- 
ties of sodium borate or sodium acetate , or 
^0 even sodium hydroxide can be added to the 
reaction mixture and the pH of the mixture 
thereby controlled and maintained at a con- 
venient value. 
In addition to the desirability of con- 
65 trolling the pH of the reaction medium, it 



has been found that the size of the polymer 
particles produced can often be considerably 
reduced if there is present in the aqueous 
reaction medium up to 5% by weight based 
on the weight of water present of a water- 70 
soluble metal or ammonium halide. Prefer- 
ably such a halide is a chloride and the use 
of potassium and sodium chlorides has been 
shown to give good results. Normally the 
amount of such halides used wiU be less 75 
than 1 % by weight based on the weight of 
water present and an amount of from 0.4 
to 0.7% has been found to be especially 
useful. This reduction in the partide size 
of the polymer beads may sometimes be 80 
very de^rable in order to produce beads 
containing very low quantities of impurity. 

It may also be desirable in certain in- 
stances to add to the reaction mixture a 
small quantity of a sequestering agent, such 85 
as for example ethylene diamine tetra- 
acetic acid or an N-hydroxymethyl ethylene 
diamine acetic acid, as in this way it may 
be possible to avoid undesirable effects 
arising &om the presence of contaminants 90 
introduced into the syst^ with the other 
constituents. 

The suspension process of the invention 
results in die production of polymer beads. 
The beads produced by the invention are 95 
often of quite a large size a^nd bead diameters 
of 0.05 to 0.07 inches are frequently 
obtained. The polymer beads are con- 
veniently separated from the reaction mix- 
ture by filtration or by centrifugmg the 100 
mixture and the separated beads are then 
washed weD with water and dried. If 
desired, the polymer beads may be further 
purified by an extrusion process, the ex- 
truded material being chopped into small 105 
particles termed "nibs" which are veiy 
suitably used in conventional moulding and 
fabricating procedures. 

The invention will now be illustrated by 
the following Examples. 110 
EXAMPLE 1 

In 100 parts by weight of monomeric 
styrene, which had been distilled in order 
to remove any dissolved polymerisation 
inhibitor, there was dissolved 6 parts by 115 
weight of a GR-S rubber crumb which had 
been prepared by the copolymerisation of 
76.5% by weight of butadiene and 23.5% 
by weight of st3^ene at a temperature of 
about 50 and which contained about 1 120 
part by weight of tris-(nonyI-phenyl) phos- 
phite as rubber antioxidant. To this solution 
there was also added 3.5 parts by weight of 
butyl stearate as lubricant and the mixture 
was then purged with nitrogen to remove 125 
oxygen from the solution arid thereafter 
pre-polymerised with stirring to a polymer 
conversion of monomeric styrene of about 
15% by heating the mixture in bulk in the 
absence of a radical-addition polymerisation 130 



873.948 



7 



initiator to a temperature of 105 ""C for 4.75 
houts. 

The pre-polymerised mass was suspended 
in 150 parts by weight ot water and the 
5 resulting suspension stabilised by the addi- 
tion of 0.5% by weight of a polyethylene 
oxide having a molecular weight of approxi- 
mately 400,000. To the mixture diere was 
added 2 parts by weight of azo-bis-cyclo- 

10 hexane carbonitrile as radical-addition poly- 
merisation initiator. Hie suspension was 
then purged with a stream of nitrogen and 
gently agitated whilst it was subjected to the 
following polymerisation cycle: 

15 7 hours at 90 

1 hour at 100 ''C 
13 hours at 120 °C 
Initially the polymerisation was conducted 
at atmospheric pressure but during the cycle 

20 it became necessary to conduct die reaction 
in a closed reactor under autogeneous pres- 
sure to prevent evaporation of monomer 
and water. At the end of the cycle it was 
found that a polymerisation conversion of 

25 99.8% had occurred. Hie polymer beads 
obtained wi^ separated from the reaction 
nuxtuie. wasbdi well with water and dried 
to yield a polys^ene having an impact 
strength of 1,04 foot pounds per Izod notdbi. 

30 EXAMPLE 2 

A solution of 6 parts by weight of the 
GR-S rubber in 100 parts by wd^t of 
monomeric styrene containing 3.5 parts by 
weight oi butyl stearate was prepared as 

35 described in Example 1. This mixture was 
purged with nitrogen and then subjected to 
a bulk pre-polymerisation stage by heating 
it with stimng for 10 hours at 95 ^^C in the 
absence of a radical-addition pol3anerisation 

40 initiator; at the end of this time it was 
shown tiiat approximately 15% by weight 
of the styrene had polymerised. 

The pre-polymerised mass w^ suspended 
in 150 parts by weight of water containing 

45 1 part by wei^t of a polyethylene oxide of 
molecular weight about 400,000 and the 
resulting dispersion purged with a stream 
of nitrogen and vigoroijsly agitated. Poly- 
merisation of the styrene was effected by 

50 adding to the mixture 0.2% by weight based 
on the styrene of benzoyl peroxide as poly- 
' merisation initiator and tiien subjecting the 
reaction mixture to a temperature of 92 ''C 
for 24 hours, aftrar which the polymer beads 

.55 obtained were separated from tiie reaction 
mixture, washed weU with water and dried. 
The polystyrene beads were found to be of 
a fairly large size having a diameter of 0.05 
to 0.07 inches and were of high purity. 

60 EXAMPLE 3 

The process of Example 2 was repeated 
but using only 0.3 part by weight of the 
polyethylene oxide as suspension stabiliser. 
The polymerisation process proceeded per- 

65.fectiy satisfactorily. The polystyrene beads 



obtained were of a conveniently large size 
and. moreover, were readily separated from 
the reaction mixture and purified. 
EXAMPLE 4 

Monomeric styrene which had been dis- 70 
tilled to remove any polymerisation inhibi- 
tor was suspended in 5 times its volume of 
water using 1% by weight based on the 
styrene of a polyethylene oxide having a 
molecular wei^t of 1,800,000 as suspension 75 
stabiliser. There was then added to the 
suspension 0.2% by weight based on the 
styrene of benzoyl peroxide as polymerisa- 
tion initiator and the polymerisation was 
conducted at 92 °C for 20 hours; the mix- 80 
ture being vigorously agitated throughout 
After 2.5 hours of the polymerisation a 
further 0.2% of benzoyl peroxide was added 
to the reaction mixture. The polymerisation 
reaction proceeded smoothly througjiout and 85 
polystyrene beads of good quality were 
obtained. 
EXAMPLE 5 

The procedure used to prepare the pre- 
polymer of Example 1 was repeated. The 90 
pre-polymerised mass was then dispersed 
in 5 times its own volume of water using 
1% by weight based on the styrene of a 
polyethylene oxide of M.W. 400,000 as sus- 
pension stabiliser. To the suspension of 95 
monomer in water there was added 0.1% 
by weight based on the styrene dt azo-bis- 
isobutyionitrile as polymerisation initiator 
and the polymerisation reaction was con- 
ducted at 92 ""C for 10 horns; a further 100 
0.1% of the initator being added after 3 
hours. 

The polymerisation process proceeded 
smoothly and beads of a high impact poly- 
styrene were obtained which were of good 105 
quality. 
EXAMPLE 6 

The procedure of Example 5 was re- 
peated except that the mass pre-polymerisa- 
tion stage was continued until 17.3% 110 
conversion had occurred and excejpt that the 
-initiators used were 0.2% by weight based 
on the . styrene of tert-bu^l perbenzoate 
added to the initial suspension of the pre- . 
polymer and 0.2% by weight ba^ on the 115 
styrene of benzoyl peroxide which was 
added after a further 3 hours. 

The polymerisation proceeded smoothly 
and high impact polystyrene beads of good 
quality were obtained. 120 
EXAMPLE 7 

This Example illustrates the production 
of a high impact polystyrene on a larger 
scale than tibat used in the previous 
Examples. 125 

A solution of 6% by weight of the GR-S 
rubber used in Example 1 was prepared in 
0.4 gallons of monomeric styrene which 
had been distilled to remove polymerisation 
inhibitor. The solution was purged with 130 ' 
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nitrogen to iremOve oxygen, agitated and 
heated for 6 hours under autbgeneous pres- 
sure at 100 °C. The conversion in this mass 
pre-polyjnerisation stage was shown to be 
5 about 15%. 

The pre-polymer and residual monomer 
were then dispersed in 0.6 gallon of water 
using 0.3% by weight based on the styrene 
of a polyethylene oxide of molecular weight 

10 4G0;000. The jpH of the suspension was 
adjusted to pH 10 to 11 by addition of a 
small quantity of aqueous sodium hydroxide 
solution; The dispersion was agitated and 
0.2% by weight based an the styrene of 

15 azo-bis-isobutyronitrile and 0.05% by weight 
based on the sfyiene of tert-butyl perbenzo- 
ate were added as polymerisation initiators. 
Agitation of tihe dispersion was continued 
while it .was subjected to the following poly- 

20 merisation cgrde: — 

2 hoiurs at 68 
2 hours at 83 °C 
2 hours at 115 "C 
2 hours at 130 

25 At the end of this <yele the formed poly- 
mer beads wdre separated from the reaction 
mixture and were found to be well-formed 
and of comparatively large size. The impact 
strength of the material as shown to be 

30 1.06 foot pound per Izod notdi. 
EXAMPLE 8 

The procedure of Example 7 was repeated 
on a larger scale using 20 gallons of mono- 
meric styrene and 30 gallons of water as 

35 dispersing medium for the pre-polymer 
ob&dned theretom. There were fanned at 
the end of the pcAym^nsation cycle beads 
of similar good size and appearance as &ose 
which were produced in Example 7. 

40 EXAMPLE 9 

This Example illustrates the relationship 
between the molecular weight of the 
polyethylene oxide used as suspension 
stabiliser and Ihe amount of it required to 

45 give the most satisfactory iresults in the pro- 
duction of beads of high impact polystyrene. . 

A solution in distilled monomeric stjrene' 
was prepared containing 3.5% by wei^t of 
butyl stearate as lubricant and 6% of a 

50 GR-S rubber which had been produced by 
. copolymerisation of 76.5% by weight of 
butadiene and 23.5% by weight of styrene 
at a temperature of about 50 °C and which 
contained about 1 % by weight of tris-(nonyl- 

55 phenyl) phosphite as antioxidant The solu- 
tion was purged with nitrogen to remove 
oxygen &oin the solution and thereafter 
polymerised With stirring to a polymer con- 
vefaon of monomeric styrene of approxi- 

6^ mately 15% by heating the mixture in bulk 
in the absence of a polymerisation initiator 
to a teinperatiire of 100 °C for 6 hours. 
Sampleis of the pre-polymer were dispersed 

. iii l4 times their volume of water using a 

65 polyethylene ozide, of a molecular weight 



and in a percentage by weight based on the 
weight of styrene as stated in Table I be- 
low. In eadi instance the dispersion was 
buffered at pH 9 by the addition of a boric 
add/sodium hydroxide/potassium chloride 70 
aqueous Solution as hmtx and 0.2% by 
weight of benzoj^l peroxide was added as 
polymerisation initiator. Each reaction mix- 
ture was then heated at 92 for approxi- 
mately 20 hours. 75 

The following Table describes the results 
df the polymerization reaction and the 
nature of the polymer beads obtained. 
TABLE J 

Molecular Amount 80 
w&ghs used Result 
% 

400,000 03 Dispersion satisfactory, 
good beads obtained. 

400,000 02 Dispersion satisfactory. 85 
fairly good beads ob- 
tained. 

100,000 0.15 Initial dispersion satis- 
factory, giving beads 
erf fair quality, but dis- 90 
persion not maintained 
throughout the poly- 
merisation. 
100,000 0.4 Initial dispersion and 

polymerisation satis- 95 
factory, but dispersion 
not maintained towards 
the completion of the 
polymerisadon. 
100,000 LO Dispersion satisfactory 100 
and beads of suitable 
size obtained, but diffi- 
culty experienced in 
maintaining complete 
dispersion towards the 105 
completion of the poly- 
merisation. 
100.000 23 Dispersion satisfactorily 
maintained throughout 
the polymerisation. IIC 
Beads of good size and 
^ . - _ appej^fajice obtained. 
4.000.000 0 J Dispersion obtained but 
this had a tendency to 
froth and form an 115 
aqueous emulsion of 
the monomer. Poly- 
merisation satisfactory, 
polymer beads obtained. 
4.000iOOO 0.2 Initial dispersion satis- 120 
fcictory, but polymer 
beads obtained were 
of only poor quality. 
4,000,000 . 0.1 Initial dispersion diffi- 

cult» poor polymer 125 
beads obtained. 
This Example illustrates that preferably 
the polyethylene oxide used as a molecu- 
lar weight in the region of 400.000 and that 
the quantity of the suspension stabiliser 130 
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requiied to achieve a conipletely satlsfactoty 
pro(:e5s with stabilisers of different molecu- 
lar weights increases as the molecular weight 
varies Itom the preferred value of about 
5 400.000: 

EXAMPLIS 10 

This Example illustrates the suspension 
polymerisation of methyl methacfylate using 
a polyethylene oxide of high molecular 

10 weight as ^pension stabiliser. 

A dispersion of 80 grams of methyl 
methacrylate in 320 cc. of water was pre- 
pared using 1% of a polyethylene oxide of 
molecular weight approximately 400,000 as 

15 su^ension stabiliser. There was also incor- 
porated into the dispersion 0.2% by weight 
based on the methyl methacrylate of ben- 
zoyl peroxide as polymerisation initiator 
and the dispersion was purged with nitrogen 

20 to remove dissolved oxygen and heated 
under autogeneous pressure at 85 "C for 3.5 
hours. . 

The polymerisation proceeded smoothly 
and beaSls <A small size were obtamed indi« 
25 catiiig tiliat a smaller amount of the poly- 
ethylene oxide could probably have been 
used with advantage. However, the beads 
obtained were of gO(>d quality, and were 
readily separated from the reaction medium, 
30 washed and dried. The dried beads were 
* compression moulded to give a disc of great 
clarhy, thereby indicating that the beads 
obtained Were of a satisfectbry purity. 
EXAMPLE 11 

This Example illustrates the effect of usiiig 
a small amount of a surface-acdve agent in 
conjunction with a polyal^lene oxide com- 
pound as suspension stabHiser in the pro- 
duction of a high inipact ^lystyrene. 

Eight exemplffying expe^ents (A to H) 
were each carried out as follows. 



35 



40 



Ifl 150 parts by weight , of water there 
was suspended 100 pans by weight of a 
stytehe pte-polynier GdUtainiug 6% by 
weight of a butadiene^styfehiB eopo^&jt 45 
and prepared by the method described in . 
Example 9. the suspefiSibu being stabilised 
by the presence of a small percentage by 
weight {as spfcdfied ifl Table Ilbelow), based 
on the styrene, of a polyethylene oxide 50 
having a molecular weight csf appfoxiniately - 
400;000 and also a sniali percentage by 
weight (as specified in Table n) based on 
the styrene of sodium dodecylbenzene sUl- 
phonate as anionic surface-active agent. To 55 
the mixture there was also added 0.3% by 
weight based on the pre-polym^ of azo-bis- 
isobutyronitrile and 0.05% by weight based 
on the pre-polymer of tert.-butylperbenzo- 
ate as polymerisation initiators. Tne pH of 60 
the suspeiision was adjusted to between 7 
and 7.5 by the addition of a little boric acid 
and the suspension was then purged with 
a stream of nitrogen and gently agitated 
whilst it was heated for 3^ hours at 68 ^^C 65 
followed by about 3 hours at 83 "C. At this : 
point polymiraisation was not complete but 
the polymer beads Iia.d beomie set in size 
so that an evaluation of the efiScieUcy of 
the polymerisation reaction as related td the 70 
size of the polymer beads could theft be 
made. 

The polymer beads obtained were 
separated from the reaction roixture. Washed 
well with watw and dried. The beads Were 75 
then passed through a series of sieves in 
order to determine their particle size dis- 
tribution. This is shown in Table II below - 
in which the percentage of the beads which 
pass thi-bup each size of sieve is given. 80 
The sieve sizes are given as the number of 
mesns per inch. 

TABLE n 



85 



90 



95 



100 



Experi- 
ment 


Poly, 
ethylene 
oxide 

(% 
based 

on 
styrene) 


Sodiuin dodecyl- 
benzene 
stdplTdBate 


Particle size of polymer beads 
(% passing through sieve) 


' weight 


Sieve size 


Basod 

on 
styrene 


based 
on poly- 
ethylense 

oxide 


ID 


22 


30 


44 


60 


Residue 


A 
B 
C 
D 
E 
F 
G 
H 


0.3 

0.3 

0.45 

0.45 

0.45 

0.6 

0.9 

0.9 


e.03 

0.045 

0.045 

0.045 

0.06 

0.045 

0.045 

0.06 


10 
15 
10 
10 
13.3 

7.5 

5 

6.7 


14 

65 

is 

1 
1 

1.5 

1 

1 


74 

32 

88.5 . 

91.5 

54 

93 

953 

96 


8 
1 
8 
6 
27 
3 
2 

1.5 


2 
1 
3 

1.5 
11 
2 
1 
1 


1 

0.5 
0.5 

4 

0 
0 
0 


1 

0.5 
0.5 

2 

.5 
.5 
.5 
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A further experiment earned out under 
the conditions as used in Experiment A, 
except that the amount of sodium dodecyl* 
benzene sulphonate used was 0.21% by 
5 weight based on the weight of styrene, that 
is 70% by weight based on the polyethylene 
oxide> gave a veiy satisfactory polymerisa- 
tion which was conducted throughout as a 
suspension polymerisation process. 

10 Two comparative experiments were also 
carried out using 0.3% and 0.6% by weight 
based on the sQ^rene of the polyethylene 
oxide and in which no surface active agent 
was used. In these two instances less satis- 

15 factoiy results were obtained from the 
polymmsation reaction iii that the beads 
showed a tendency to agglomeration thereby 
preventing the reaction from being carded 
to completion; this agglomeration whidli 

20 occmxed also prevented the cairying out of 
a sieve analysis on the polymer beads. 

Thus this Example illustrates that a sus- 
pension polymerisation process is advah- 

■ tageously carried out using a high molecular 

25 wei^t polyethylene oxide in conjunction 
with a small amount of an anionic siuf ace 
active agent as suspension stabiliser. This 
Example also illustrates that a narrower 
distribution of polymer bead size is obtained 

30 when the amount of the polyethylene oxide 
is increased keeping the amount of surface- 
active agent constant at a low figure. 
EXAMPLE 12 
This Example ag^ illustrates a success- 

35 ful bead polymerisation process for ihe^ 
production of a high impact polysQrrene 



material using a high molecular weight poly- 
ethylene oxide as suspension stabiliser in 
the presence of a minor amount of an anionic 
surface-active agent. The Example also 40 
illustrates the effect on the particle size dis- 
tribution of the polymer beads which Is 
produced by the addition of a small amount 
of water-soluble inorganic metal halide. 

Six exemplifying experiments (J to O) 45 
were each carried out as follows: 

A sample of pre-polymer polymerised to 
about 15% conversion was prepared by the 
mass polymerisation of 100 parts of styrene 
in the presence of 6 parts of a GR-S rubber 50 
as described in Example 9. This pre-polymer 
was then suspended in water and poly- 
merised by a bead polymerisation process 
as d^cribed in Example 1 1 ; the amount of 
the polyethylene oxide and sodium dodecyl- 
benzene sulphonate used in each experiment 
being that given in Table III below. How- 
ever, to each aqueous suspension there was 
also added before commencement of the 
polymerisation a small quantity of potas- 
sium diloride (except in run O where sodium 
chloride was used mstead). The amount of 
such addition used in each experiment is 
given in Table III below as a percentage 
by weight based on the quantity of water 65 
present in the system. In each experiment 
the polymerisation process proceeded 
smoothly and the polymer beads were 
obtained and sieved as in Example 11 to 
determine their particle size distribution, 70 
wh^ch is ^ven for each experiment in 
Table^m. 



55 



60 



TABLE III 



75 



85 



Experi- 
ment 


Poly- 
ethyl^e 
oxide 
(% 
based 
on 
slyr^ie) 


Sodium dodecyl- 

benzene 
^ -sulphonate 


KQ 

(% 
based 
on 


Particle size of polymer beads 
(% passing through sieve) 


% by weight 


water) 

; 
1 


Sieve" size 


based 

on 
styrene 


based 
on poly- 
ethylene 

oxide 


10 


22 


30 


44 


60 


Residue 


J 


0.45 


0.045 


10 


0.25 


2 


17 


11 


24 


26 


11 


K 


0.45 


0.045 


10 


0^ 


1 


13 


10 


10 


19 


46 


L 


0.6 


0.045 


7.5 


0.5 


1 


11 


9 


38 


27 


m 


M 


0.6 


0.045 


7.5 


1.0 


2 


24 


8 


14 


27 


21 


N 


0.6 


0.06 " 


10 


0.5 


1.5 


22 


28 


29.5 


12J 


6.5 


O 


0.6 


0.045 


15 


0.4* 


1 


13.5 


93 


15.5 


32 

1 


36 



90 



^ NaO used in place of KCl 
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Comparison the particle size distribu- 
tion of the polymer beads obtained by the 
expoiments of this Example with that 
obtained firom the experiments of Example 
5 11, particularly the comparison of experi- 
ments D, J and K and of experiments F, L 
and M, show that the addition of a small 
amount of potassium chloride to the reaction 
medium r^ults in polymer beads of much 

10 smaller size being obtained though at the 
expense of some loss of tiie narrowness of 
the polymer size distribution. In all the 
experiments the polymerisation process pro- 
ceeded smoothly as a bead process and there 

15 was no tendency for the polymer beads to 
agglomerate. The results of Experiment O 
shows that the potassium diloride can 
equally well be replaced by sodium chloride. 
WHAT WE CLAIM IS:— 

20 1. A proce^ for the polymerisation of a 
normally water-insoluble ethylenically un- 
saturated oi;panic compound capable of 
radical addition polymerisation by a sus- 
pension polymerisation process, which pro- 

25 cess comprises p<^ymerising the organic 
c<Hnpound in aqueous suspension in the 
piesence as suspension stabifiser of a minor 
amount of a polyalkylene oxide compound 
having a molecular wei^t of at least 20,000. 

30 2. A process as claimed in claim 1, in 
whidi the polyalk/lene oxide compound 
used has the formula XO(R'0)bX v/hm 
each X zepresents a hydrpgen atom or an 
alkyl group, each R' represents a divalent 

35 aliphatic group having 2 to 4 carbon atoms 
or an a-phenylethylene group, and n is an 
integer sufiSdently large to give tie poly- 
alkylene oxide compOTmd: a molecular 
weight of at least 20,000. 
40 3. A process as claimed in claim 2, in 
which the polyalkylene oxide compound is 
a polyalkylene ether glycol having a molecu- 
lar weight of 200,000 to 3,000.000. 

4. A process as claimed in claim 3, in 
45 whidi the polyalkylene ether glycol is a 

polyethylene oxide. 

5. A process as claimed in either of 
claims 3 or 4, in which the polyalkylene 
ether glycol has a molecular iveight of the 

.50 Older of 400.000. 

6. A process as claimed in any one of 
the preceding daims, in which tiie poly- 
alkylene oxide compound is used as suspen- 
sion stabiliser in an amount of from 0.1 to 

55 5% by weight based on the weight of th^ 
ethylenically unsaturated oiganic compound 
or compounds. 

7. A process as claimed in claim 6, in 
which the amount of polyalkylene oxide 

60 compound used is from 0.3 to 1 % by weight 
based on the weight of the ethylenically un- 
saturated organic conmound or compounds. 

8. A process as claimed in any one of 
the preceding claims, in which there is also 

65 present a siSace-active agent in an amount 



which is insufficient to cause an pulsion 
polymerisation process to result 

9. A process as claimed in claim 8 in 
which the surface-active agent is a cationic 
surface-active agent. 70 

10. A process as claimed in claim 8, in 
which the surface-active agent is an anionic 
surface-active agent 

11. A process as claimed in claim 10, in 
whidi the anionic surface-active agent is an 75 
alkali metal salt of an alkylaryl sulphonic 
add or an alkyl-suiphuric or -sulphonic 
add. 

12. A process as claimed in daim 11. in 
which the anionic surface-active agent com- 80 
prises sodium dodecylbenzene sulphonate. 

13. A process as claimed in any one of 
claims 8 to 12, in which the surface-active 

-agent is present in an amount of from 5 10 
15% by weight based on the weight of the 85 
polyallQ^lene oxide compound. 

14. A process as claimed in claim 13, in 
which the said amount is between 8 and 
12%. 

15. A process as claimed in any one of 90 
the preceding claims, in which there is also 
present in Qie reaction medium a water- 
soluble metal or ammonium halide in an 
amoxmt not greater than 5% by weight based 
on the weight of water present. 95 

16. A process as diaimed in claim 15, in 
which the said halide is a chloride. 

17. A process as claimed in claiin 16. in 
which the said halide is potassium or sodium 
chloride. iqO 

18. A process as daimed in any one of 
claims 15 to 17. in which the said halide is 
present in an amount not greater than 1% 
by weight based on the weight of water 
present. 105 

19. A process as claimed in claim 18. m 
which the amoimt of the said halide is be- 
tween 0.4 and 0.7% by weight based on the 
weight of water present 

20. A process as claimed in any one of 110 
the precedmg claims, in which vinyl chloride 

is polymerised. 

21. A process as daimed in any one of 
daims 1 to 19, in which there is polymerised 

a lower allq^] ester of acrylic or methacrylic 115 
acid. 

22. A process as claimed in any one of 
daims 1 to 19. in which there is polymerised 
a vinyl-aromatic compound. 

23. A process as claimed in claim 22, in 120 
which styrene is polymerised. 

24. A i)rocess as daimed in any one of 
the preceding claims, in which tiie etiiy- 
lenically unsaturated organic compound is 
polymerised in the presence of a preformed 125 
polymer as well as the polyaUcylene oxide • 
compound present as suspension stabiliser. 

25. A process as claimed in claim 24, in 
which the preformed polymer is a sulphur- 
vulcanisable natural or synthetic rubber. 130 
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26. A process as clainied in daim 25, in 
which the hydrocarbon rabber is a 
butadiene-stytene copolymer which has 
been prepared from 60 to 90% by weight 

5 of butadiene and 40% to 10% of sQrrene. 

27. A process as clahned in any one of 
cliafans 24 to 26, in which the preforitied 
polymer is present in an amount of from 
3 to 40% by weight based on the weight 

ib of the ethylenically unsaturated organic 
compound. 

28. A process as claimed in claim 27, in 
which tile preformed polymer is present in 
an amount of from 5 to 10% by weight 

15 based on the wei^t of the ethylenically 
unsaturated organic compound. 

29. A process as claimed in any one of 
the prece&ng claims, in whidi the ethy- 
lenic^y unsaturated organic compound is 

20 first subjected to a mass pre-polymerisation 
treatment and the resulting pre-polymerised 
mass suspended in an aqueous medimn 
using the polyallqrlene oxide compbuid as 
suspension stabiliser before completion of 

25 the polymerisatidn as a suspension process. 

30. A process acccnding to any dne of 
the precemng claims, in which there is 



iiiitially present in the aqueous suspension 
a radical-addition polymerisation imtiator. 

31. A process according to any one of 30 
the precedmg claims, in which the aqueous 
suspension is maintained between pH 7 and 

11 during the polymerisation reaction. 

32. A process according to claim 31. in 
Which the aquediis suspension is maintained 35 
between pH 9 and 11 during the polymerisa- 
tion reaction. 

33. A process for the polymerisation of 
an ethylenicaUy unsaturated organic com- 
pound conducted substantially as herein- 40 
befbre described with particular reference 

to any one of the Examples. 

34. A jpolymerised ethylenically un- 
saturated organic compound whenever pre- 
pared by a process as claimed in any one 45 
of the preceding cteims. 

DOWNES & ROBBINS, 
Chartered Patent Agents, 

St Helen's Court, 

Great St Helen's. 
London E.C.3. 
Agents for the. Applicants. 



PROVISldNAL SPECaPICATION 

Suspension Polymerisation Process 



We, **Shell'* Research LiMrrED, a British 
conipany, of St. Helen's Court. Great St 
Helen's, London, E.C3.. do hereby declare. 

50 thfc invention to be described in the follow- 
ing statement: — 

This invention relates to a process for the 
polymerisation of an ethylenically im- 
saturated organic compound which is con- 

55 ducted in an aqueous , suspension. 

TTie radical-addition polymerisation of an 
ethylenically unsaturated organic compound 
is often conducted in a suspension or dis- 
persion of the mbtlomer ih water. The 

60 resulting polymer iis produced ih the form 
of bea£, that is as small particles of solid 
polymer, wldch . are suspended in the 
aqueous dispersion, such processeis are diere- 
tore sometmies termed "bead", suspension 

65 or disperislon polymerisations. \Vhen such a 
polymerisation process is complete the poly- 
mer obtained may be readily separated &om 
the diispersion by filtering or centrif uging the 
/ formed polymer beads from the aqueous 

^0 medium and these beads are then readily 
purified by a simple washing procedure, n 
d^ired. the polymer particles may subse- 
qnentiy be fi&ther purified by an extrusion 
process in which the polymer is melted, 

"75 forced through an extrusion die-head where 
it solidifies and then out into small polymer 
particles called "nibs" which are very suit- 
ably used in moulding pi:oce(dures and simi- 
lar processing techniques. 



The advantages of a suspension polymeri- 80 
sation process over one conducted in an 
emulsion or as a mass polymerisation pro- 
C3ess are that the formed polymer particles 
obtained thereby are in a solid form which 

of high purity and can be readily 85 
separated from the reaction mixture and 
processed. Moreover in such a process the 
temperature is readily controlled and heat 
transfer prdblems are minimized. On the 
Other hand an emulsidn polymerisation has 90 
the disadvantage tiiat ia polymer latex is 
obtained which must first be coagulated to _ 
give a solid polymer before this can be ~ 
separated from the surrounding medium, . 
and a joaass polymerisation process has the 9f 
disadvantage that the resulting polymer is 
Often fotifld* ta- contain an appreciable 
quantity of occluded monomer, which is 
only "completely separated fx&n the polymer 
with difficulty. 

The disadvantage of operating a suspen- 
sion polymerisatiofii {Jrocess is the difficulty 
of maintaining a satisfactory dispersion of 
the ffionomer or reaction medium in the 
aqueous mediimi, that is preventing the 
agglomeration of the dispersed polymer 
beads forMed during the polymerisation 
reaction, and of obtaining such beads in a 
suitable si2:e. Although the monomer can 
be kept suspended in the aqueous medium 110 
by Vigorous stirring or odierwise agitating 
the traction imitnre, this method does not 
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give Si stable suspension aad it is necpssaiy 
to Ujse a suitable suspension stabiliser. Ofteu 
this is a finely-divided solid which, when 
added to the reaction mixture, gives a stable 
5 suspension from which the solid does not 
settle out even if the nuxture is only being 
stored at a slow rate. ^ 
Various inoigamc substances have been 
proposed as suspension stabilisers for use 

JO m the bead polymerisation of ethylenically 
unsaturated organic compounds. These in- 
clude, for example, taie, clay, barium sul- 
phate and calcium phosphate and oxalate. 

_ Water-soluble orgamc stabilisers have also 

15 been used in such polymerisadons. For 
instance, polyvinyl alcohol has been fomid 
to give quite good results when iised in a 
process for the suspension polymerisation of 
certain monomers, for example styrene; 

20 gelatine, fish-glue, pectin and salts of poly- 
aciylie acids and styrene-maleic anhydrate 
copolymers have also been proposed for this 
purpose but tiie use of starch and gelatine 
as suspension stabilisers for the polymerisa- 

25 lion <rf a solution of 6% by weight of a 
n^faexy butadienfi'SQrrene copolymer in 
monomeric styrene has been found to give 
poor SBsuits. 
ThereCore, as illustrated above in two 

30 j^articular examples, the suspension stabi- 
lisers of the pnor art do not always give 
ssiiMsicioTy results either in that the suspen- 
sion obtamed is not stable throughout the 
entire course of the polymerisation, or that 

35 polymer beads of an inconveniendy small 
size are sometimes obtsuned. For the latter 
purpose it is desirable to obtain beads which 
are as large as possible, but which are of 
comparable purity to those of jailer size. 

40 as the larger the beads the easier is fteir 
separation from the reaction mixture. Tliere 
is a great variety of monomers which can 
be polymerised in a suspension process and 
the conditions for the polymerisation of each 

45 of such monomers vary to a great extent so 
that a suspension stabiliser which is emi- 
nently satisfactory for the polymerisation of 
one monomer under certain conditions may 
be quite tmsuitabk- lot^ polymexising the 

50 same or a different monomer under different 
conditions or a different moaomer under the 
same conditions. It has therefore been a 
matter for considerable research to find 
alternative suspension stabilisers to those of 

55 the prior art. which alternative stabilisers in 
special circumstances yield results which 
are comparable to or better than those 
obtained using the conventional stabilisers, 
for example diose previously mentioned. 

60 It has now been discovered that the poly- 
merisation of an ethylenically unsaturated 
organic compound can be very suitalsly con- 
ducted in an aqueous suspension which is 
stabilised by the presence pf a polyoxyalky- 

65 lens oxide compound of high molecular 



weight Such a polymerisation process pro- 
ceeds smoothly and is readily amenable to 
good temperature control. Furdiennore the 
polymers are often produced in a high state 
of purity and in beads of a very convenient 70 
sjze which may be quite substantial. Such 
ft use for polyalkylene oxide compounds is 
quite distinct torn the well-known use of 
low molecular weight polyalkylene edier 
&y^^?^^ their derivarives as non-ionic 75 
emnlsif5^g agents in polymerisation pro- 
^ses (wried out in emulsion as distmct 
from suspension or bead polymrasation 
processes. 

^ Accordingly, the process of the invention 80 
IS one for the suspension polymerisation of 
an ethylenically unsaturated organic com- 
pound which comprises polj^erising the 
orgamc compound in aqueous suspension in 
tm pjjpsenoB as siispension stabiliser of a 8f 
mmor amount of a polyallqriene oxide com- 
pound as hereinafter defined having a 
mpleculgr weight of at least 20,000. 

The polyalkylene oxide compound for use 
m the process of the present invention is 90 
hereby defined as one that has been derived 
by polymerisation of an alkylene oxide or 
copolymerisation of a mixture of alkylene 
oxides. The term polyalkylene oxide com- 
pound is herem intended to extend not only 95 
to polyalkylene ether glycols but also to 
ethcra and esters of such glycols. Thus nor- 
mally the polyalkylene oxide compound used 
will be one of the general formula 

XO(RO)„X. 
where each X represents hydrogen or an 
alkyl. aiyl, acyl or aroyl group, each R 
represents a divalent aliphatic or substituted 
ahphatic group other than a methylene or 
substituted methylene group and n is an 105 
integer sufficiendy large to give the poly- 
mym^ oxide compound a molecular 
weight of at least 20.000 (compounds of the 
above formula except that R is a methylene 
or substituted methylene group are more lift 
porrectly designated as polyaldehydes or 
denvatives of polyformaldehyde and. as 
such, theu: use is outside tiie scope of the 
present mvention). Furthermore, if desired, 
the polyalkylene oxide compound may be 115 
.one which has been derived from a poly- 
hydrojQr^ -nucleating agent by condensation 
of its hydroxyl groups witii an alkylene oxide 
to produpe polyalkylene oxide compound 
Of the desired molecular weight; for instance 120 
a condensation product of the formula 

which is derived from ethylene 6xide and a 
dJhydro^cy benzene such as hydroqmnone or 
reson?mpl It is of course possible to use as 125 
such a polyhydroxy nucleatmg agent a tri- 
hydroxy compound such as glycerol, pyn). 
gallol. or a tetrahydroxy compound, such as 
durene or pentaerytbritol. 
Preferred polyalkylene oxide compounds 130 
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for use in the present invention are those 
derived from die homo- or co-polymerisation 
of styrene oxide and lower alkylene oxides 
sndi as ethylene oxide; 1 ^-propylene oxide; 
5 1,3-propyIene oxide; tetrahydrofuran; and 
1.2-butylene oxide; that is compounds of 
the general formula XO(R'OXX where each 
X represents a hydrogen atom or an alkyl, 
aiyl, acyl or aroyl group, each R' represents 

iO a divalent aliphatic group having 2 to 4 
carbon atoms or an a-phenylethylene group 
and n is an integer sufficiently large to give 
the polyalkylene oxide compound a molecu- 
lar weight of at least 20,000. The self- or 

15 inter-polymers of ethylene oxide and 1,2- 
propylene oxide are particularly useful in 
the process of the invention. 

The polyalkylene oxide compounds for 
use in ue present process have a minimum 

20 molecular weigjit of 20.000 and. as pre- 
viously explained, tb^ may be polymeric 
glycols or mono- or di-efhers or esters 
thereof. However, the preferred compounds 
are polyalkylene oxides, that is polyallqrlene 

25 ether gjycols, having a molecular weight of 
200,000 to 3,000,000. Polyalkylene oxides, 
and particularly polyethylene oxides, having 
a molecular weight of the order of 400,000 
are especially suitable for the present pro- 

30 cess. The limitation of the invention to the 
use of polyalkylene oxides having a molecu- 
lar weight greater than 20.000 is an approxi- 
mate one as the exact determination of the 
molecular weight of any particular sample 

35 of a polyalkylene oxide is not readily made. 
Furthermore any such molecular weight 
determination gives an average value which 
may vary to a small degree depending upon 
the molecular weight determination mediod 

40 used. However, the high molecular weight 
polyalkylene oxides used in the present 
invention constitute a readily reco^iisable 
class of compounds quite distinguishable 
from the polyalkylene oxide compounds, 

45 hitherto commercially available, that have 
molecular weights of the order of not more 
than a few thousand. The molecular weight 
of such low molecular weight compounds 
is readily determined from measurements 
-50 of their hydroxyl number, but the high 
molecular weight polyalkylene oxides haye 
too low a hydroxyl number to enable an 
accurate determination of their molecular 
weight to be made by this method. 

55 The molecular weight of the polyalkylene 
oxide used in the present invention may be 
determined by any of the conventional 
methods used for determination of the 
molecular weights of polymeric materials, 
'■60 for example by osmometry or by viscometiy. 
The molecular weight of a sample of a poly- 
ediylene oxide is readily determinable by 
measurement of the intrinsic yiscosily at 
35**C of a 0.1% solution of the compound 

65 in water and using the following conver- 



sion factor given in the Journal of Applied 
Polymer Science. Volume I. no. 1, page 60, 
namely: 

IV = 6.4 X 10-^M0-«^ 
where I.V. is the intrinsic viscosity of the 70 
polyethylene oxide at 35°C and M is its 
average molecular weight; the molecular 
weights of the various polyethylene oxides 
used in the following Examples have been 
determined by this method and by making 75 
use of the above relation between intrinsic 
viscosity and molecular weight. 

Polyalkylene oxides of molecular weight 
above 20,000 may be prepared from the 
monomeric compounds m several different 89 
ways. For instance, alkylene oxides may be 
polymerised to produce these high molecu- 
lar weight polymers in the pressure of 
catalysts of various types, which include, 
among others, alkoxides and aroxides of 85 
metals from Groups 2 to 5 of the Periodic 
Table of elements; metal alkyls and metal 
alkyl halides derived from metals of Group 
2 and 3 of the Periodic Table and Friedel- 
Crafts catalyst complexes such as complexes 90 
of the alkylene oxide with ferric or stannic 
chloride. It has also been poposed to use 
as catalysts for the polymerisation of ^ky- 
lene oxides certain synergistic combinations 
of the catalysts described above. The mono- 95 
or di-ethers and esters of the polyalkylene 
oxides may be prepared from the polyalk>'- 
lene oxides themselves, that is the poly- 
allQ'lene ether glycols, in the conventional 
manner. 100 

The polyalkylene oxide compounds which 
find use in the present invention are solid 
materials whidi have only a limited solu- 
bility in water. It is believed that a slight 
"solubility of the polyalkylene oxide com- 105 
pound in water is desirable and accordingly 
a polyethylene oxide is the preferred suspen- 
sion stabiliser of the invention, as such a 
compound has a greater solubility in water 
than a polypropylene or higher oxide, though 1 10 
in any case the solubility of a polyalkylene 
oxide in water is quite small. 

The amount of polyalkylene oxide com- 
pound required, to -give a stable dispersion 
of , the monomer in water depends upon the 115 
nature of the monomer and the conditions 
to which the dispersion is to be subjected. 
It is of course desirable to use the minimum 
amount of polyalkylene oxide compound 
necessary to give a stable suspension of the 120 
monomer in the aqueous medium as there 
is then less risk of contamination of the 
formed polymer by the excess suspending 
agent, that is the polyalkylene oxide com- 
pound, and polymer beads of larger size are 125 
also more likely to be obtained. An amount 
of polyalkylene oxide compound between 
0.1 and 5% and particularly between 0^.3 
and 1% by weight based on the monomer 
has been found to be particularly suitable I'JO 
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for the ^puiposes of the invention. However, 
the optimum amount of polyaliylene oxide 
is in some ways dependent on its molecular 
weight and if this is not of the prefeired 
5 order, it may be necessary to use a slightly 
higher proportion of the polyalkylene oxide. 
The minimum amount of polyalkylene oxide 
which gives completely satisfactory disper- 
sion of the monomer or monomers in the 

10 aqueous medium throughout the course of 
the polymerisation and at the same time 
results m ±e ready production of suitably 
pure beads of large size can readily be 
found from the results of a few small scale 

15 tests. In most cases an amoimt of about 0.5% 
by weight of the monomer will be found to 
be eminently suitable, though in particularly 
favourable cases an amount of 0.3% may 
well suffice. 

20 The monomer to be polymerised is one 
which is insoluble in water and capable of 
radical-addition polymerisation by a sus- 
pension polymensation process. Thus the 
process of the invention finds particular 

25 applicaticm in the suspension polymerisation 
of styrene and vinyl chloride. However, the 
process may also be used to polymerise 
vmyl-aromatic compounds in general, that is 

it\ .P^^y^^^se, for example, vinyl toluene, 

iO divmyl benzene, a-methyl slyrene and nuclear 
halogenated scenes, as well as mixtures of 
one or more of such vinyl aromatic com- 
pounds including styrene with one or more 
^ conjugated dienes such as butadiene, iso- 

35 prene, chloroprene, 2,3-dimethyl-butadiene 
and piperylens to form resinous copolymers. 
Ethylenically unsaturated oiganic com- 
pounds which are not hydrocarbons may 
also be polymerised by the process of the 

40 invention. Thus, for instance, besides vinyl 
chloride, which is particularly suitably poly- 
merised by the present process, there may 
be polymerised vinylidene chloride, methyl 

ic "i?*^^late. ethyl aciylate and acrylonitrHe. 

45 Mixtures of two or more ethylenically un- 
saturated organic compounds may of course 
be copolymerised and the process of the 
invention is particularly suited to the pro- 
duction of graft copolymers by the polymeri- 

50 sation of one or more monomers in the 
presence of a preformed polymer of copo^- 
mer. For instance, there may be produced 
by the process of the invention a modified 
or tou^ened polystyrene having a high 

55 impact strength by polymerising sty^rene in 
the presence of a preformed rubbery poly- 
mer such as. for example, polybutadiene,* 
polyisoprene, a rubbery styrene-butadiene or 
acrylonitrile-butadiene copolymer or in the 
60 presence of a natural rubber material. Such 
preformed polymers can of course have been 
previously prepared by any suitable poly- 
merisation process and, if desired, the pre- 
fornied polymers can comprise the stereo- 
55 specific polydienes such as cis-l,4-isoprene 



or cis- or trans- 1,4-polybutadiene or the 
elastomeric ethylene-propylene copolymers. 

If desired, the monomer or monomers to 
be polymerised can be subjected to a pre- 
polymerisation step carried out as a mass 70 
polymerisation and then the partially poly- 
merised pre-polymer produced is suspended 
in an aqueous medium using one of the 
specified polyalkylene oxide compounds as 
the suspension stabiliser and the polymeri- 75 
sation completed by the process of the inr 
vention. If desired, in such a process a 
further quantity of monomer can be added 
to the dispersion during the polymerisation 
process. For instance a modified polystyrene 80 
material of high impact strengtii may be 
very advantageously obtained by subjecting 
a solution of a rubbery styrene-butadiene 
copolymer in monomeric styrene to a pre- 
polymerisation stage by heating the mix- 85 
ture in the absence of water, if necessary 
in the presence of a peroxide initiator, tmtil 
approximately 15% by weight of the mono- 
meric styrene has polymerised. The mixture 
is then dispersed in approximately an equal 90 
volume of water, the polyalkylene oxide 
added as suspension stabiliser and the dis- 
persion then agitated and subjected to poly- 
merising conditions. There are obtained 
beads of a high-impact polystyrene which 95 
are readily separated by centrifuging the 
reaction mixture. 

In the preferred embodiment of the inven- 
tion, as outlined inmiediately above, there 
may convenientiy be used a pre-polymerisa- 100 
tion stage which is sufficient to polymerise 
from 5 to 40% and particularly from 10 to 
20% by weight of the monomer. Such a 
pre-polymerisation stage is carried out in 
the absence of water, but there may be pre- 105 
sent conventional additives such as radical- 
addition polymerisation initiators; for 
example, peroxy compounds such as benzoyl 
or lauryl peroxide, tert,-butyl perbenzoate. 
cumyl hydroperoxide, or azo compounds 110 
such as azo-bis-isobutyronitrile or azo-bis- 
cyclohexane carbonitrile; chain transfer 
agents, for example terL-dodecyl mercaptan; 
lubricants such as butyl stearate and glycerol 
mono-stearate, and other additives such as, 115 
few example, antioxidants and fillers. The 
pre-polymerisation stage can, if desired, be 
earned out in the absence of a radical- 
addition initiator, the polymCTisation being 
initiated by ionizing radiation, ultra-violet 120 
light or simply by heating the reaction mix- 
ture to a suitable temperature. 

When the prefmed embodiment of the 
invention is used to prepare a high impact 
polystyrene it is convenient to dissolve a 125 
proportion, usually between 3 and 40% and 
particularly between 5 and 10%, of a rub- 
bery polymer in the monomeric styrene. to 
subject this solution to a pre-polymerisation 
step and then to disperse the pre-polymerised 1 30 
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mass in water with the aid of the poly- 
all^loie oxide suspension stabiliser before 
completing the polymerisation reaction as a 
suspension process. The rubber is very suit- 
5 ably a styrene-butadiene copolymer of the 
GR-S type, that is one prepared from 60- 
90% by weight of butadiene and 40 to 10% 
of styrene, Siough there may also be used 
rubbery butadisne-acrylonitnle copolymers, 
10 polybutadiene, polyisoprene or natural rub- 
ber, as well as steriospecific polymers such 
as cis-l,4-polyisoprene, cis- or trans-1,4- 
polybutadiene or an elastomeric ethylene- 

Eropylene copolymer. If necessary the rub- 
er may contam a small amount of an 
antioxidant or other antidegredant 

When a pre-polymerisation stage is used, 
the mass polymerisation is interrupted after 
a suitable polymerisation time and the par- 
20 tially polymerised mass then dispersed in an 
aqueous medium. This is usually water, but 
if desired it can be an aqueous solution of 
a suitable salt Normally it is desirable to 
disperse the pre-polymerised mass in the 
25 ratio of 1 part of pre-polymer to between 
OS and 5 pahs by volume of water, though 
smaller or larger ratios can be used; par- 
ticularly good results are achieved when the 
pre-polymerised mass is dispersed in 
30 approximately an equal volume of water. 
When no pre-polymerisation stage is used 
it will be found very suitable to disperse 
the monomer in from 1 to 5 parts by weight 
of water. Thus when vinyl chloride is poly- 
.35 merised by the process of the invention it 
Is very convenient to dispeise the monomer 
in about 2.5 parts by weight of water. 

The suspension process of the invention 
is normally carried out in the presence of a 
40 radical-addition polymerisation initiator such 
as an oigajoic peroxide or hydroperoxide or 
an aliphatic or <^clo-aliphatic azo com- 
pound. It is usual to sdr the reaction mix- 
ture during the polymerisation process, 
45 which is preferably conducted in an inert 
atniosphere, for example under nitrogen or 
hydrogen, in order to avoid the deleterious 
^ects which may result when radical- 
addition polymerisations are conducted in 
50 the presence of air or oxygen. It is therefore 
desirable to purge the suspension before 
subjecting it to poljonerising conditions with 
a stream of an iiiert gas, such as nitrogen. 
If desired, there may be incorporated in 
55 the suspension other materials such as 
chain-transfer agents, for example, tert- 
dodecyl mercaptan. lubricants sudi as. for 
example, steanc acid or butyl stearate and 
antioxidants such as. for example, 2^teFt.- 
60 butyr-4-methyI phenol, sQ^reneated resorci- 
nol, trio-(nonyl-phenyl) phosphite and N- 
siil^tuted phenylene diamines. . 

The process of the invention may be con- 
ducted at the usual temperature for suspen-^ 
65 sion polymerisation processes. Often this 



will be between 50^C and iOOX. though 
higher or lower temperatures can be em- 
ployed where necessary. When temperatures 
which are in excess of the boiling point of 
tiie monomer are employed it will be neces- 70 
saiy to conduct the polymerisation in a 
pressurized reactor to prevent loss of the 
monomer by evaporation. It is then highly 
desirable to pressurize the reactor with an 
inert gas such as nitrogen in order to pre- 75 
vent the polymerisation reaction from being 
to be affected by the presence of oxygen in 
the reaction system. Alternatively, the mono- 
mer may be suitably polymerised in a closed 
lea^r under autogenic pressiure at a suit- go 
able temperature, for example, vinyl chloride 
may be so polymerised at a temperature of 
approximately 50*C and sXytcnc at a tem- 
perature up to about. 130*C, though in this 
case it is usual to commence the polymerisa- 85 
lion at a temperature below lOO^'C and 
raise it to a figure above lOO^'C only in the 
later stages of the reaction. 

The aqueous suspension in which the 
process of the invention is conducted should. 90 
preferably, have a controlled pH as varia- 
tions in the acidity and alkalinity of the 
reaction mixture often have a considerable 
effect on the rate of polymerisation and the 
effectiveness of the suspension stabiliser. 95 
Furthermore, it is found that the polyalky- 
lene oxide compound used as suspension 
stabiliser tends to be unstable in an acidic 
medium. Thus it is desirable that the reaction 
mixture should be maintained within a pH 100 
of 7 to 11 and mote preferably within the 
pH range of 9 to II. It is particularly found 
that control of pH becomes more unportant 
as the amount of polyallqrlene oxide com- 
pound is decreased and, if desired, control 105 
of pH may in many cases be obviated by 
the use of larger quantities of the stabiliser, 
though if possible an excess of the poly- 
alkylene oxide compound is desirably 
avoided, as previously explained. The IIC 
alkalinity of the reaction mixture can be 
suitably maintained by the addition of a 
buffer compound; for example small quanti- 
ties of sodium borate or sodium acetate or 
even sodium hydroxide can be added to the 115 
reaction mixture and the pH of the mixture 
thereby controlled and maintained at a con- 
venient value. 

The polyifxyalkylene compounds used in 
the process of the invention can, of course, 120 
be used in combination with the suspension 
stabilisers of the prior art. In addition, it 
may sometimes be found desirable to use the 
polyox^alkylene compound in conjunction 
with a minor proportion, based on the poly- 125 
oxyalkylene- compound of a surface-active 
agent, for example an alkali metal sp&p or 
an alkali metal salt ol an alkylaryl 
sulphonate. 

The suspension process of the invention 130 
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results in the production of polymer beads. 
The beads produced by the invention are 
often of quite a laige size and bead diameters 
of 0.05 to 0.07 inches are frequentiy 
5 obtained. The polymer beads are con- 
venientiy separated from the reaction mix- 
ture by filtration or by centrifuging the 
mixture and the separated beads are then 
washed well with water and dried. If 

10 desired, the polymer beads may be further 
purified by an extrusion process, the extruded 
material being chopped into small particles 
termed "nibs" which are very suitably used 
in conventional mouldmg and fabncating 

15 procedures. 

The invention will now be illustrated by 
the following Examples. 
EXAMPLE 1 
In 100 ^arts by weight of monomeric 

20 styrene, whidi had been distilled in ordCT 
to remove any dissolved polymerisation 
inhibitor, there was dissolved 6 parts by 
weight of a GR-S rubber crumb which had 
been prepared by the copolymerisation of 

25 76.5% by weigjit of butadiene and 23.5% 
by weight of styrene at a temperature of 
about 50**C and which contained about 1 
part by weight of trio-(nonyl-phenyl) phos- 
phite as rubber antioxidant To this solution 

30 there was also added 3.5 parts by weight of 
butyl stearate as lubricant and the mixture 
was then purged with nitrogen to r^ove 
oxygen from tBe solution and thereafter pre- 
polymerised with staring to a polymer con- 

35 version of monomeric styrene of about 15% 
by heating the mixture in bulk in the 
absence of a radical-addition polymerisation 
initiator to a temperature of 105''C for 4.75 
hours. 

40 The pre-polymerised mass was suspended 
m 150 parts by weight of water and the 
resulting suspension stabilised by the addi- 
tion of 0.5% by weight of a polyethylene 
oxide having a molecular weight of approxi- 

45 mately 400,000. To the mixture tiiere was 
added 2 parts by weight of azo-bis-<^clb- 
hexane carbonitrile as radical-addition poly- 
merisation initiator. The suspension was 
then purged with a stream of nitrogen and 

50 gently agitated whilst it was subjected to 
the following polymerisation cycle: 
7 hours at 90 °C 
1 hour at 100 °C 
13 hours at 120 

55 Initially the polymerisation was conducted 
at atmospheric pressure but during the cycle 
it became necessary to conduct the reaction 
in a closed reactor under autogeneous 
pressure to prevent evaporation of monomer 

w and water. At the end of the cycle it was 
found that a poljonerisation conversion of 
99.8% had occurred. The polymer beads 
obtamed were separated from the reaction 
nuxture, washed well with water and dried 

65 to yield a polystyrene having an impact 
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r^^J^^^^^^ ^ by weight of the 
GR-S rubber in 100 parts by weight of 
monomeric styrene containing 3.5 parts by 70 
weight of butyl stearate was prepared as 
descnbed in Example 1. This mixture was 
purged witii nitrogen and tiien sul^ected to 
a bulk pre-polymerisation stage by heating 
It with stirrmg fwr 10 hours at 95''C in the 75 
absence of a radical-addition polymerisation 
initiator; at the end of this time it was 
shown tiiat approximately 15% by weight 
of the s^ene had polymerised. 

The pre-polymerised mass was suspended 80 
in 150 parts by weight of water containing 
1 part by wei^t of a polyethylene oxide of 
molecular weight about 400,000 and the 
resulting dispersion purged with a stream 
of nitrogen and vigorously agitated. Poly- 85 
merisation of the sQrene was effected by 
adding to the mixture 0.2% by weight based 
on the styrene of benzoyl peroxide as poly- 
merisation initiator and then subjecting the 
reaction mixture to a temperature of 92'C 90 
for 24 hours, after which the polymer beads 
obtained were separated from the reaction 
maxture, washed well with water and dried. 
The polystyrene beads were found to be of 
a faurly large size having a diameter of 005 95 
to 0.07 inches and were of high puritv. 
EXAMPLE 3 ^ ^ ^ 

The process of Example 1 was repeated 
but using a 0.3 part by weight of the poly- 
ethylene oxide as suspension stabiliser. The 100 
polymerisation process proceeded pcaj^y 
satisfactorily. The polystyrene beads obtained 
were of a convenientiy laige size and more- 
over were readily separated from the reaction 
mixture and purified. 
EXAMPLE 4 

Monomeric Styrene which had been dis- 
tilled to remove any polymerisation inhibitor 
was suspended in 5 times its volume of water 
using 1% by weight based on the styrene HO 
of a polyethylene oxide having a molecular 
weight of 1.800,000 as suspension stabiliser. 
There was then added to the suspension 
0.2% by weight based on the styrene of 
benzoyl peroxide as polymerisation initiator 115 
and the polymerisation was conducted at 
92*C for 20 hours; the mixture being 
vigorously agitated throughout. After 2.5 
hours of the polymerisation a furtiier 0.2% 
of benzoyl peroxide was added to the re- 120 
action mixture. The polymerisation reaction 
"proceeded smoothly throughout and poly- 
styrene beads of good quality were obtained 
EXAMPLE 5 

The procedure used to prepare the pre- 125 
polymer of Example 2 was repeated. The 
pre-polymerised mass was then dispersed in 
5 times its own volume of water using 1% 
by weight based on the styrene of a poly- 
ethylene oxide of M.W. 400,000 as suspen- 130 
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sion stabiliser- To the suspension of mono- 
mer in water there was added 0.1% by 
weight based on the styrene of azo-bis- 
isobutyronitrile as jjolymeiisation initiator 
5 and the polymerisation reaction was con- 
ducted at 92'*C for 10 hours; a further O.I % 
of the initiator being added after 3 hours. 

The polymerisatioii process proceeded 
smoothly and beads of a high impact impaa 

.10 polystyrene were obtained which were of 
good quality. 
EXAMPLE 6 

The ptbceduie of Example 5 was repeated 
except that the mass pre-polymerisation 

.15 stage was continued until 17.3% cqnyersion 
had occurred and except that the initiators 
used were OJZ% by weight based on the 
styiene of tert.-butyl perbenzoate added to 
the initial suspension of the pre-polymer and 

20 0.2% by weight based on the styrene of 
benzoyl peroxide which was added after a 
further 3 houirs. 

The polionerisation proceeded smoothly 
and high impact polystyrene beads of good 

25 quality were obtained, 

• EXAMPLE 7 ■ . 

This Example illustrates the production 
of a high inipact polystyrene on a laig^ 
scale than mat used in the previous 

30 Examples, 

A solution of 6% by weight of the GR-S 
rubber used in Example 1 was prepared in 
■ 0.4 gallons of monomelic styrene which had 
bisen distilled to remove polymerisation 

35 inhibitor. TOe solution was purged with 
nitn^en to remove oxygen, agitated and 
heated for 6 hours under autogeneous pres- 
sure at lOO^C. The convCTsion in their mass 
pre-polymerisation stage was shown to be 

40 about 15%, 

The pre-polymer and residual monomer 
were then dispersed in 0.6 gallon of water 
iiRing Q3% by weight based on the styrene 
of a polyethylene oxide of molecular weight 

45 400,000. The pH of tiie suspension was 
adjusted to pH 10 to II by the addition of 
a small quantity of aqueous sodium 
hydroxide solution, Th& dispersion was 
agitated and 0.2% by weight based on the 

50 styrene of azo-bis-cyclohexane carbonitrate 
and 0.05% by weight based on the styrene 
of tert.-butyl perbenzoate were added as 
polymerisation initiators. Agitation of the 
dispersion was continued wffile it was sub- 

55 jected to the following polymerisation 
<7de: — 



2 hours at 6a^C 

2 hours at SB^'C 

2 hours at 1I5X 

2 hours at 130*C 60 

At the end of this pycle the formed poly- 
mer beads were separated from the reaction 
mixture and were found to be well-formed 
and of comparatively large size. The impact 
strength of the material as shown to be 1.06 65 
•foot pound per Izod notch. 
EXAMPLE 8 

The procedure of Example 7 was repeated 
on a larger scale using 20 gallons of mono- 
mssnc styiene and 30 gallons of water as 70 
dispersing medium for the pre-polymer 
obtained therefrom. There were formed at 
the end of the polymerisation cycle beads 
of siinilar good size and appearance as those 
which were produced in Example 7. 75 

This Example illustrates the relationship 
between the molecular weight of the poly- 
ethylene oxide used as suspension stabiliser 
and the amount of it required to give the 
most satisfoctory results in the production 80 
of beads of high impact polystyrene. 

A solution in distilled monomeric styrene 
was inepared containing 35% by weight of 
butyl stearate as lubricant and 6% of a 
GR-S rubber which had been produced by 85 
Gopolymerisation of 76.5% by weight of 
butadiene and 235% by weight of styrene 
at a temperature of about 50°C and which 
contained about 1% by weight of trio- 
(nonyl-phenyl)phosphite as antioxidant. The 90 
solution was purged with nitrogen to remove 
oxygen from the solution and th^eafter 
polymerised with stirring to a polymer con- 
version of monomeric styrene of approxi- 
mately 15% by heating the mixture m bulk 95 
in the absence of a polymerisation initiator 
to a temperature of 100*C for 6 hours. 

Samples of the pre-polymer were dispersed 
in 1.5 times their volume of water using a 
polyethylene oxide, of a molecular weight 100 
and in a percuitage by weight based on the 
weight of styrene as stated in the Table 
given below. In each case the dispersion was 
buffered at pH 9 by the addition of a boric 
acid/sodium hydroxide/potassium chloride in:s 
aqueous solution as buffer and 0.2% by 
weight of benzoyl peroxide was added as 
polymerisation initiator. Each reaction mix- 
ture was tiien heated at 92*C for approxi- 
mately 20 hours. 1 10 

The following Table describes the results 
of the -polymerisation reaction and the 
-nature of the polymer beads obtained. 
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Molecular 
weight 

5 400,000 

400.000 



TABLE 
Amount 
used 



15 



20 



25 



40 



% 
0.3 

02 



Result 



10 100.000 0.15 



100.000 0.4 



100.000 1.0 



30 100.000 2S 



35 4.000,000 0.5 



45 



4.000.000 0.2 



4.000.000 0.1 



Dispersion satisfactory, 
good beads obtained. 
Dispersion satisfactory, 
fairly good beads ob- 
tained. 

Initial dispersion satis- 
factoiy, giving beads 
of fair quality, but dis- 
persion not maintained 
throughout die poly- 
merisation. 

Initial diversion, and 
polymensaticm satis- 
factory, but dispersion 
not maintained towards 
the completion of the 
polymerisation. 
Diq>ersion satisfactory 
and beads of suitable 
size obtained, but diffi- 
culty experienced in 
maintaining complete 
dispersion towards the 
ccMupletion of the poly- 
merisation. 

Dispersion satisfactorily 
maintained throughout 
the polymerisation. 
Beads of good size and 
appearance obtained. 
Dispersion obtained but 
this had a tendem^ to 
froth and form an 
aqueous emulsion of 
the monomer. Poly- 
merisation satisfactory, 
polymer beads obtained. 
Initial dispersion, but 
polymer beads obtained 
were of only poor 
qi^lity. 

fiiitial dispersion diffi- 
poor polymer 
beads obtained. 



This Example illustrates that preferably 
the polyethylene oxide used has a molecular 50 
weight in the region of 400,000 and that the 
quantity of the suspension stabiliser required 
to achieve a completely satisfactory process 
with stabilisers of different molecular weights 
mcreases as the moleculalr weight varies 55 
fr^^e^^ferred value of about 400.000. 

TThis Example illustrates the suspension 
polymerisation of methyl methacrylate using 
a polyethylene oxide of high molecular 60 
weight as suspension stabiliser. 

A dispersion of 80 grams of methyl 
methacrylate in 320 cc. of water was pre- 
pared uang 1% of a polyethylene oxide of 
molecular weight approximately 400,000 as 65 
suspension stabiliser. There was also incor- 
porated into the dispersion 0.2% by weight 
based on the methyl methacrylate of benzoyl 
peroxide as polymerisation mitiator and the 
dispersion was purged with nitrqgen to 70 
remove dissolved oxygen and heated under 
autogeneous pressure at 85*C for 3.5 hours 

The polymerisation proceeded smoothly 
and beads of small size were obtained indi- 
catmg that a smaller amount of the poly- 75 
ethylene oxide could probably have been 
used widi advantage. However, the beads 
obtemed were of good quality, and were 
readily separated from the reaction medium, 
washed and dried. The dried beads were 80 
conipression moulded to give a disc of great 
clanty, thereby indicating that the beads 
obtamed were of a satisfectoiy purity. 
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